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TIDAL CURRENTS AT INLETS IN THE 
UNITED STATES 


Joseph M. Caldwell,’ M. ASCE 


SYNOPSIS 


Tidal currents at inlets along the coasts of the United States are classified 
into three basic types and tabulations made of each type showing the pertinent 
tide and current data. The hydraulic characteristics of the three types are 
discussed and rudimentary formulas giving the basic variables controlling the 
inlet velocities are set forth. 


The understanding of currents at tidal entrances is complicated by the fact 
that most tidal bodies, particularly those inshore, are irregular in shape, and 
by the fact that the water surface slope is constantly changing over the tidal 
cycle. As a result of these complicating factors, no theory of tidal current 
estimation has yet been advanced which has found general acceptance by the 
engineering profession. Promising work on tidal current theory is now under 
way both in the United States and abroad, and papers describing both U.S. 
practice and European practice were presented at the annual n:eeting of the 
ASCE in New York in October, 1954. 

As a result of the complexity of the tidal current prediction problem, reli- 
ance has chiefly been placed on field measurements and tidal model studies to 
obtain a reliable picture of tidal currents in inlets, bays, and estuaries around 
the U.S. coasts. The expense connected with either of these two methods has 
greatly restricted the amount of tidal current information available as com- 
pared to the tidal range information available. 

The relative complexity of the range and current pictures is illustrated by 
the fact that a single tide gage, say in the Hudson River, can furnish fairly ac- 
curate tide readings applicable to several miles upstream and downstream 
and across the river, while current information is applicable over a much 
more restricted area. In fact that current pattern (velocity and direction) may 
change markedly at points as close together as 100 or 200 feet in a transverse 
direction. Or, even more significantly, the surface velocity pattern may vary 
significantly from the velocity pattern at various depths at the same location. 

In defining the current velocity patterns in San Francisco Bay in 1923, the 
Coast and Geodetic Survey occupied twenty-eight current stations in the en- 
trance area within 5 miles of the Golden Gate Bridge. During the survey, the 
control station was occupied continually while the secondary stations were 
occupied for at least 13 consecutive hours and for 25 consecutive hours on the 
more important stations. To cover the Bay area as far north as Carquinez 
Strait, a total of five control stations and 53 secondary stations were occupied. 


1, Chief, Research Div., Beach Erosion Board, Corps of Engineers, Washing- 
ton, D.C. 
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Even this expensive survey gave only a few hours observations at any station 
except the five control stations. Tidal current predictions based on these 
observations are correspondingly less accurate than tide predictions over the 
same area. The introduction of automatic radio-reporting secondary stations 
(the Roberts Current Meter) developed by the Coast and Geodetic Survey is a 
move to increase the scope and decrease the cost of tidal current surveys. 

The Current Tables of the Coast and Geodetic Survey generally give the 
tidal current velocity and direction at strength of flood and ebb for some sig- 
nificant point in the navigation channel of the estuary or harbor and the user 
is warned that, “The relation of current to tide is not constant, but varies 
from place to place,.. .” 

Three simplified versions of tidal current phenomena at tidal entrances 
can be described to show what might be called the extreme conditions. For 
the first class, assume a uniform channel gradually decreasing in cross-sec- 
tion and depth from the tidal entrance to the head of tide-water and with its 
length significantly greater than one-fourth the length of the tide wave in the 
estuary. Under these conditions (as shown on Fig. 1) the tidal wave propa- 
gates itself up the estuary with little change in form at the entrance and the 
tidal water enters the estuary in consonance with the velocities associated 
with the wave form. The dynamics of the wave form are such that the 
strength of flood can be expected at high tide and strength of ebb can be ex- 
pected at low tide. Correspondingly, the slack waters can be expected at mid- 
tide. Mathematically the current curve might be said to be in phase with the 
tide, as strength of flood and high tide occur simultaneously. 

The second class is a special case of the first type of estuary when the 
length of the tidal portion of the estuary is shorter than one-fourth the length 
of the tidal wave in the estuary. This condition is illustrated on Fig. 2. In 
this case, assuming no undue constriction at the entrance and that the length 
of the estuary is significantly less than one-fourth of the length of the tidai 
wave, the wave characteristics at the entrance will be modified by the fact 
that the rising tide reaches the head of tidewater and, in effect, backs up to 
the entrance before high tide clears the entrance. The estuary, or bay, is 
then substantially filled coincident with the arrival of high tide at the mouth. 
Slack waters will then occur at or near high tide and low tide with strengths 
of flood and ebb occuring at or near mid-tide. The current in this case may 
be said to lead the tide by 90° as strength of flood at the entrance precedes 
high tide by one-fourth of a tidal cycle (about 3 hours for a semi-daily tide). 

As might be suspected, many inlets are somewhere between Class 1 and 
Class 2 in that the estuary length approximates one-fourth of a tide wave 
length. In the intermediate cases the relative phase of the tide and current 
lies somewhere between the in-phase condition and the 90° leading current, 
i.e., for the average case will be about 1 hour 30 minutes out of phase. 

The length of the tidal wave in an estuary can be computed approximately 
from the formula: 


L = 48.1 


where L is the length in miles of a 12 hour 25 minute tide wave (high tide to 
high tide) and d is the mean depth in feet along the estuary. The following 
table presents a set of calculations based on this formula. 

For the third class of inlet, assume a large, deep bay or estuary connected 
to the ocean by a short but very inadequate inlet, that is, assume that the in- 
let is so inadequate that the tide range in the bay is only a small fraction of 
the tide range in the ocean. Under these conditions, the time of strength of 
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Table 1 


Length of Tide Wave in Estuaries 


Mean depth, length of wave, One-fourth length of 
in ft. in miles wave, in miles 


current in the inlet will tend to coincide with the times of high and low tide 
because the maximum hydraulic gradient will exist through the inlet at these 
times, This condition is illustrated on Figure 3. Mathematically it could be 
said that the tide and current curves are in phase for this condition. Under 
these conditions, it is also to be recognized that the maximum velocity could 
be approximated from the basic formula V = v2gh. As an example, a maxi- 
mum tidal differential between ocean and bay of 1 foot, could be expected to 
produce a maximum current velocity of about 8 ft. per second. This 1-foot 
differential could result from a two-foot tide range in the ocean and an insig- 
nificant tide in the bay. Attention is called to the fact that the inadequate en- 
trance (Class 3) produces the same tide-to-current phase relationship as 
Class 1, that of an adequate entrance to a long estuary. 

The three conditions of classifications described above are seldom en- 
countered in such simplified form in practice. Instead, we find a wide assort- 
ment of conditions in nature, some tending toward the first class, some toward 
the second, and some toward the third. Though a study of the configuration of 
a selected estuary or inlet area in light of these classifications might give 
some indication of the type of currents to be expected in the inlet or estuary, 
field observations are at present generally relied upon to establish the magni- 
tude of the velocities and the relative phase of the tide and current. Also, the 
questions of basin resonance to the tidal period and reflection of tides from 
the head of the estuary are not considered. 

An examination of the coastline of the United States shows a variety of in- 
let and estuary conditions coupled with widely different tidal ranges as dis- 
cussed in the first part of this paper. Many inlets and estuaries around our 
coasts have in one way or another accumulated an excess of sand at the mouth 
and littoral movement along the coast is tending to force more sand into the 
inlet. As a result the inlets are constantly resisting an attempt on the part of 
the littoral drift to choke off the opening. This choking off, in turn, tends to 
upset the tide-to-current relationship and convert a Class 1 or Class 2 inlet 
into a Class 3 inlet. The velocities which the inlet must develop to prevent 
closure are then to an extent governed by the balance between the rate of lit- 
toral drift moving into the inlet and the ability of the inlet currents to move 
the sand. If the overall hydraulic characteristics of the inlet and the tide 
wave are unfavorable and the rate of drift sufficiently high, the inlet moves 
into the third category—an inadequate entrance—and the inlet may actually be 
sealed off by the littoral drift. This sealing off has been the case with 
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3 83 21 

5 108 27 

136 3h 

10 157 39 

12 167 

15 186 46 

20 215 54 

25 240 

30 26h, 66 

50 85 

416 104 


Moriches Inlet on the south shore of Long Island, numerous inlets along the 
barrier beach of Albemarle Sound, and small inlets along the northern Cali- 
fornia and Oregon coasts. 

In order to illustrate the above classification of inlets, all tidal entrances, 
for which both tide and current data are listed in recent editions of the Tide 
Tables and Current Tables of the Coast and Geodetic Survey, were studied. 
The inlets were then classified into Case 1, Case 2, or Case 3 and the perti- 
nent data tabulated on Tables 2, 3, and 4 respectively. The classification was 
made on the basis of the following requirements: 


Class 1: 

a) Strength of flood preceding high tide by less than one hour. 

b) Tide range inside the inlet substantially equal to tide range outside the 
entrance. (This inside tide range was generally taken at a point several 
inlet widths back from the inlet or well back in the tributary bay or 
lagoon. ) 

Class 2: 

a) Strength of flood preceding high tide by from 2 hours to 3 hours. 

b) Tide range inside the inlet substantially equal to tide range outside the 
inlet. 

Class 3: 
a) Strength of flood preceding high tide by less than 1 hour. 
b) Tide range inside the inlet only a small fraction of the range outside. 


A fourth table was also prepared listing as Class 4 all inlets in which the 
strength of current preceded high tide by from one to two hours, this condi- 
tion being intermediate to Class 2 and Classes 1 or 3. 

From these tables, it is seen that of the fifty-two inlets on which sufficient 
data was available to justify making an entry, forty-four fell definitely in one 
of the three classes. Of even more significance is the fact that those inlets 
placed in Class 1 on the basis of the stated requirements, all but two showed 
an effective length of tidewater equal to or greater than the estimated 1/4 tide 
wave length in the estuary. These two exceptions, Cape Fear River and 
Tampa Bay, both showed a length ratio of 0.70. In this connection, it should 
be pointed out that the figure for “estimated effective depth” in the estuary, 
on which the estimate of tide wave length is based, is not a numerical calcula- 
tion but is a mental estimate made directly from the Coast and Geodetic Sur- 
vey charts. Although no great accuracy is claimed for the estimates, they 
are considered to be sufficiently accurate for use in the tables. 

Of the 26 inlets placed in Class 2 on the basis of the stated requirements, 
all except two showed an effective tidewater length which was a minor fraction 
of the estimated 1/4 tide wave length. The two exceptions, Ossabaw Sound 
and Lake Worth, showed 0.55 and 0.62 respectively. 

The significant feature of the eight inlets placed in Class 3 by the stated 
requirements is that in each case where the inside/outside tide ratio was less 
than 0.50, strength of flood led high tide by less than one hour. This substan- 
tiates the reasoning relative to Class 3 inlets that an inadequate inlet, as evi- 
denced by a low inside/outside tide ratio, will show tidal currents in phase 
with the tide. The tidal length of the bay or estuary is of little significance in 
this class of inlet. 

Another factor of interest with respect to the Class 3 inlets is that each of 
the inlets listed in Table 4 is somewhat difficult to maintain for navigation 
due to the relatively high rates of littoral drift in the areas, indicating, as was 
discussed previously, the tendency of the drift to choke off the inlet. In most 
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cases this action has apparently converted a Class 2 inlet into a Class 3 inlet. 

Reference to Table 5 showing the Class 4, or intermediate inlets, indicates 
that in all cases, except Juan de Fuca Strait, the inlet is basically a Class 2 
inlet which is to a significant degree choked by the sand drift at the entrance 
though not sufficiently to move it into a Class 3 inlet. The analysis of the 
action in Juan de Fuca Strait is somewhat confused by the fact that the Strait 
has a rear entrance to the Pacific through Georgia Strait. Attention is called 
to the fact that no attempt is made to classify river entrances with freshwater 
flows sufficiently high to distort the tidal action, such as the Mississippi and 
the Columbia. 

Consideration of the hydraulics of the Class 1, 2, and 3 inlets shows that 
velocities of strength of flood and ebb are controlled basically by the following 
relationship: 


Class 1: 
V =Vgh*/d 
where V = velocity in inlet at strength of flow in ft/sec. 
g = acceleration of gravity ft/sec/sec. 
h = tide range in feet. 
d = effective entrance depth in feet. 


Class 2: 
V = KAgh/0.636 Ap xt 
where V = velocity in inlet at strength of flow in ft/sec. 
k = ratio of maximum to average velocity in inlet cross-section. 
As = tidewater surface area in sq. ft. 
h = range of tide in bay or estuary. 
Ae = area of inlet in sq. ft. 


t = one-half tide period in sec. 
(usually 6 hr. 12-1/2 min. = 22,350 sec.) 
or, if A, is expressed in square miles and t = 22,350 sec. and K is assumed 
equal to 1.2, then . 
V = 2360 Ash/Ae 
Class 3: 
V = cV2ghg 
where V = velocity in inlet at strength of flow in ft/sec. 
g = acceleration of gravity in ft/sec/sec. 
hg = maximum instantaneous differential, in feet, between tide 
level outside and inside the inlet. 
c = velocity coefficient, (assume to be 0.5 due to jet action of 
entrance). 


It is recognized that these three formulas are only approximations which in 
practice are modified by other factors such as the hydraulic roughness and 
hydraulic efficiency of the inlet. They are presented here solely to provide 
a simple estimate of the basic hydraulic factors controlling the maximum 
velocity of flow in the tidal inlets described previously in this paper and pre- 
sented in the accompanying tables. 

As a check on the approximate adequacy of the formulas, the measured 
strength of current from the Coast and Geodetic Survey Current Tables and 
the computed strength of current using the applicable formula from the pre- 
ceding paragraph, are listed in Tables 2, 3, and 4. The agreement appears 
satisfactory in most cases, though in some cases the disagreement is consid- 
erable. No attempt is made in the present paper to explain the disagreements 
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but it is believed that a study of more complete tide and current data, rather 
than just that available in the published Coast and Geodetic Survey Tables, 

would resolve a number of the apparent inconsistencies. Only four computa- 
tions were made on the Class 2 inlets due to the difficulty of determining ac- 
curately the tide water area, Ag, from the Coast and Goedetic Survey charts. 

No attempt has been made to compute the velocities to be expected in the 
Class 4 inlets, as a more complete treatment of tidal mechanics would be 
needed than is handled in this paper. 

The tidal currents at major inlets around the U.S. coasts have been dis- 
cussed and classified. Basic relationships controlling these currents are 
discussed and tabulations of inlet and current characteristics have been made. 
Though no comprehensive treatment of the subject is intended, possibly the 
tabulations will aid in the understanding of these tidal currents and their re- 
lation to engineering problems dealing with tidal entrances. 
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